AS EARLY as 1889 Cohnheim' demonstrated by injecting oil into the pericardial cavity that an increase in intrapericardial pressure causes a rise in peripheral venous pressure and a fall in peripheral arterial pressure. These same effects of cardiac tamponade have been confirmed by many others both in the experimental anima12P"' and in patients with pericardial effusion.12- 15 Cohnheim performed his experiments in curarized dogs with open chests, and under these conditions he observed a fall in pulmonary arterial as well as systemic arterial pressure. Moreover, he reasoned that pressure in the pulmonary vein must also fall, although he did not record the measurement of pulmonary venous pressure. He states ". . . and since in our experiment, as shown by the pulmonary curve, the right heart sends an abnormally small quantity of blood into the arteries of the lungs at each systole, the arterial pressure must fall, and with it* despite the 
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impediment to the entrance of venous blood into the heart the tension in the pulmonary veins." * Simultaneous measurements of both pulmonary arterial and pulmonary venous pressures in experimental pericardial tamponade have not been recorded to our knowledge, although Nerlichl6 has reported a rise in left atrial pressure very similar in magnitude to a simultaneous rise in right atrial pressure. Therefore, a study of intravascular pressure changes in pericardial tamponade has been undertaken, and simultaneous measurements of pressures throughout the circulation, both systemic and pulmonary, will be presented. METHOD Dogs were anesthetized with intravenous Nembutal, and the thorax opened during positive pressure artificial respiration. A slit was made in the pericardium, and one plate of a split perforated plastic buttont was slipped within the pericardial cavity. The second plate, machined to oppose the presenting surface of that within the pericardium, was screwed tightly to the latter by means of a special applicator.
The screw was hollow and attached to the center of the intrapericardial plate. One end of a polyethylene tube was connected to the channel leading into the pericardium; the other end was led outside the thorax through a stab wound in the chest. In many of the dogs a small-diameter polyethylene tube was introduced into a pulmonary vein by way of one of its branches, the tip lying in a main pulmonary vein proximal to its entrance into the pericardium. The free end of this tube was led out of the chest by the same stab wound as that conducting the pericardial tube. The chest was then closed, the lungs having been fully inflated, and spontaneous respiration was allowed to resume. Cannulas were placed in a femoral artery and vein, and a cardiac catheter was introduced into a pulmonary artery. It was inserted by way of an external jugular vein, and passed through the right heart under fluoroscopic guidance. In many dogs a second catheter was passed to the right atrium. Saline manometers were used routinely to measure femoral venous and intrapericardial pressures, and in some instances to measure pulmonary venous pressure. Electromanometers were used to measure femoral arterial, pulmonary arterial, and right atrial pressures in all instances and in several experiments to measure "pulmonary capillary" and pulmonary venous pressures. The free end of the tube leading through the chest wall into the pericardial cavity was attached to a Y-connector, the other two arms of which were connected, respectively, to a saline manometer and a large reservoir of saline. Intrapericardial pressure was increased by raising the reservoir to the level desired. After Pulmonary Venous Pressure. In figure 4 , mean pulmonary venous pressure as measured in 12 dogs is plotted against intrapericardial pressure. These mean pressures, whether obtained by averaging the extreme values measured with a saline manometer or by electrical integration with an electromanometer, are observed to rise as intrapericardial pressure is increased. It may be noted that the pressures in the pulmonary veins and right atrium are generally of the same order of magnitude and that when there is a difference between them, the pulmonary venous pressure is slightly higher than the right atrial pressure. The pressure attained in the pulmonary veins at the height of tamponade is in the range of 20 mm. Hg. In several dogs "pulmonary capillary" pressure was measured according to the technic of Hellems and co-workers.'7 In each of these cases, "pulmonary capillary" pressure rose during tamponade in exactly the same manner as pulmonary venous pressure. Pulmonary Arterial Pressure. By analogy with the systemic circuit, one would expect the pulmonary arterial pressure and the pulmonary venous pressure to approach the same point as tamponade is produced. This does occur, as observed in eight dogs, but whether pulmonary arterial pressure rises or falls to approach this point depends upon the mean pressure level in the pulmonary artery before the induction of tamponade. In some dogs there is a decline, that is, the mean pulmonary arterial pressure is lowered by the procedure, but in most experiments the mean pulmonary arterial pressure eventually rises as the circulation is brought to a standstill. Since the "normal" mean pulmonary arterial pressure is in A clearer understanding of the circulatory dynamics of pericardial tamponade is obtained by examining the simultaneous changes in all pressures in a single dog during a single episode of tamponade. Figure 5 illustrates the effects of gradually increasing intrapericardial pressure on femoral arterial, pulmonary arterial, right pressure is rapidly reduced, all intravascular pressures gradually return to their original levels, and for a time peripheral arterial pressure may actually exceed its pretamponade level.
The effects of changes in intrapericardial pressure may also be described by charting the intravascular pressure existing simultaneously at each of several points within the circulation. Figure 6 The measurements of simultaneous pulmonary arterial and pulmonary venous pressures in these experiments permit calculation of the pulmonary resistance. Calculated pulmonary resistance during pericardial tamponade showed no change which was not explainable by the systematic error involved in measurement of the pressures and flow by the methods used.
DIscussIoNX
The pressure within any segment of the vascular tree is determined by the capacity of that segment and the volume of the blood within it, whether that volume is put there momentarily by the action of the heart or lies stagnant when there is no effective ventricular propulsion of blood. As Starling pointed out, in pericardial tamponade intravascular pressures approach an identical (and therefore "flowless") point. This trend is explained by the steadily lessening ability of the heart to perform its function as a pump. As cardiac output declines, and finally ceases, the volume of blood within the vascular tree is redistributed until all pressures, systemic and pulmonary, arterial and venous, are identical. If 3. Cardiac output falls as intrapericardial pressure is elevated. This is due to a decrease in stroke volume. 4 . The equalization of intravascular pressure is due to a progressive decline in the performance of the heart in maintaining normal distribution of blood within the vascular tree.
